SPOCK is a modular proteoglycan, with homology with proteins involved in cell adhesion processes and neurogenesis. We have previously shown that SPOCK transcripts predominate in the adult mouse brain. Here, we report its expression during mouse embryonic development by in situ hybridization, and immunocytochemistry. SPOCK is actively expressed at the onset of neurogenesis during periods of neuron migration and axonal outgrowth. At a later developmental stage, its expression is particularly prevalent within developing synaptic ®elds. In the peripheral nervous system, SPOCK expression is also developmentally regulated particularly in dorsal root ganglion neurons. q
Results and discussion
SPOCK, also known as testican, is a modular proteoglycan that contains protein domains related to molecules that have been involved in neurogenesis, such as adhesive/counteradhesive molecules, growth factor binding proteins, and protease inhibitors (Alliel et al., 1993) . Both chondroitin and heparan sulfate side chains, supposed to be involved in opposite effects during axogenesis (Margolis and Margolis, 1993; Dow et al., 1994) can be attached to the protein core (Bonnet et al., 1992) . We have recently shown that SPOCK is highly expressed in adult mouse brain (Bonnet et al., 1996; Charbonnier et al., 1997) .
In this study, we present evidence for a predominant expression of SPOCK in the nervous system during mouse embryonic development (Fig. 1) . Our results are indicative of an essentially ectodermal cell lineage origin of SPOCK in mice. High levels of SPOCK transcripts were observed in the brain and the spinal cord, the dorsal root ganglia (DRGs) and the medulla of the adrenal gland, and the olfactory epithelium, respectively, originating from the neural tube, the neural crest, and the outer epithelium. The cerebellum, the olfactory apparatus, and the spinal cord give the best illustrations of a correlation between the location of SPOCK and areas active in cell proliferation, cell migration, axonal outgrowth, and synaptogenesis. In the developing cerebellum, SPOCK transcripts were ®rst observed in the cerebellar primordium at E10.5. Later on, high levels of SPOCK were detected in the germinal trigone of the cerebellum, a structure formed when the granular precursor cells reach the surface of the cerebellar cortex. As shown in a detailed picture (Fig. 2) , the distribution of the transcripts at E16 in the molecular layer is consistent with the location of SPOCK in a 15-day-old mouse cerebellum (Bonnet et al., 1996) .
In the olfactory apparatus, while SPOCK was already detected at E10.5, when the neuroepithelium begins to differentiate (Saito et al., 1998) , higher levels of SPOCK were evidenced by E12.5, when olfactory nerves migrate through the nasal capsule to reach upwards towards the olfactory cortex (Cuschieri and Bannister, 1975) . Later on (E14), SPOCK is detected in the olfactory cortex, when synaptogenesis begins between the incoming olfactory axons and the dendrites of the mitral cells in the olfactory bulb (Hinds and Hinds, 1976) .
In the spinal cord ( Fig. 3 ), SPOCK is expressed by E10, when neurogenesis begins. Between E10 and E12, SPOCK The expression of SPOCK in the peripheral nervous system (PNS) also suggests its implication in ontogenetic events linked to the migration and differentiation of neurons. The earliest expression of SPOCK is observed at E10 in the PNS, when developing neurons settle in their designated ganglia (Ozaki and Snider, 1997) . SPOCK expression reaches a peak when the DRG neurons begin to project their axons toward the spinal cord to make Fig. 2 . SPOCK expression in developing cerebellum. Histological coloration (A) and dark-®eld (A) of a sagittal section of mouse embryo cerebellum at embryonic day E16 (Scale bar: 100 mm). The molecular layer (ml) is speci®cally labeled with a SPOCK antisense probe when compared to the weak signal in the granular layer (gl). Fig. 1 . Localization of SPOCK transcripts in developing mouse embryos. Sections were prepared from mouse embryos and hybridized with a 33 Plabeled antisense ribonucleotide probe as described in Section 1. Dark-®eld (A), and histological coloration (B) of sagittal and parasagittal sections of mouse embryos from embryonic day E10 (Scale bar: 180 mm), E12 (Scale bar: 1200 mm), E14 (Scale bar: 1600 mm) and E16 (Scale bar: 2100 mm). w, wall of mid-brain; f,¯oor of the fourth ventricle; th, thalamus; c, trigeminal trigone of the cerebellum; co, neopallial cortex; ob, olfactory bulb; mo, medulla oblongata; sc, spinal cord; oe, olfactory neuroepithelium; drg, dorsal root ganglia and ad, medulla of the adrenal gland, are speci®cally labeled with a SPOCK antisense probe at various stages of development.
connections with the interneurons. There is a change in SPOCK distribution in the DRGs, when the neuronal population differentiates (Fig. 4 ± enlarged views) . By E18, SPOCK expression is restricted to a subset of large neurons, mainly distributed at the periphery of the ganglion, which are thought to subserve tactile and proprioceptive functions (Lawson and Waddell, 1991) .
Through their ability to interact with a broad spectrum of adhesive molecules, modulatory effects in axon growth and path®nding have been ascribed to various members of the proteoglycan family (Margolis and Margolis, 1997) . SPOCK expression pattern during the embryonic period matches the major steps of the mouse nervous system development, and supports the assumption of its involvement in neurogenesis.
Materials and methods

In situ hybridization
Embryos were processed according to Wilkinson et al. (1987) with minor modi®cations (Ontell et al., 1993) . For histology, the sections were stained with hematoxylin and eosin. SPOCK riboprobes were generated from a 432-bp Msc1-HindIII DNA fragment from the human SPOCK cDNA (nt 890±nt 1321) inserted in pGEM4Z (Promega Biotec, Madison, WI). Sense and antisense 33 P-labeled riboprobes were made by in vitro transcription according to the manufacturer's instructions (Promega Biotec, Madison, WI).
Immunohistochemistry
Immuno¯uorescence staining procedures were performed classically on un®xed serial cryostat sections (7 mm). Anti-SPOCK immunserum (721-7) was raised by immunizing rabbits with a hexahistidine-tagged fusion protein incorporating amino acids 57±295, produced from a 721-bp Sca1/ HindIII cDNA fragment inserted in pQE-30 expression vector (Qiagen GmbH, Hilden, Germany). Brie¯y, the sections were incubated with the SPOCK speci®c primary antibodies 721-7 diluted (1:100) in PBS containing 3% bovine serum albumin (BSA), washed in PBS, 0.1% Tween-20, then incubated with FITC-conjugated secondary antibodies (1:400) (Tago, Burlingame, CA, USA) diluted in 3% BSA in PBS, and washed again with PBS, 0.1% Tween-20. All the results were checked with single labeling on consecutive sections. 3 . SPOCK mRNA distribution in the spinal cord and the DRGs. Longitudinal sections of mouse embryos by E8 and E10 and transversal sections through the spinal cord of embryos by E10±18, examined after histological coloration (A). In situ hybridization (ISH) with antisense (B) and sense (C) SPOCK RNA probes, on dark-®eld illumination micrographs. No signal was observed in a longitudinal section of a E8 mouse embryo (scale bar: 120 mm). In an E10 mouse embryo longitudinal section (scale bar: 180 mm), the mantle layer (ml) and the dorsal root ganglia (drg) are labeled with the antisense probe, while the ependymal layer (ep) is not labeled. In E10 (scale bar: 50 mm) and E12 (scale bar: 50 mm) mouse embryo transversal sections of the spinal cord, the mantle layer (ml) and the dorsal root ganglia (drg) are labeled while ependymal layer (ep) is still not labeled. In E14 (scale bar: 50 mm), E16 (scale bar: 100 mm) and E18 (scale bar: 100 mm) mouse embryo transversal section of the spinal cord, the gray matter (g) and the dorsal root ganglia (drg) are labeled while the white matter (w), the sulcus limitans (sl) and the midline (md) of the cord are not labeled. By E16, the chief tendency is a decrease in the SPOCK hybridization signals in the whole area of the cord. SPOCK signals are concentrated at the dorsal (dh) and more diffusely in the ventral (vh) horns of the gray matter. The dorsal root ganglia (drg), visualized on the right part of the section is still labeled.
